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Abstract: We show that upper bounds on the masses for gluino, squarks and higgsino
are mgluino ≤ 5.5TeV,msquark ≤ 4.7TeV and mhiggsino ≤ 650GeV in a focus point gaugino
mediation. Here, we impose a mild fine tuning ∆ ≤ 100. This result shows that it is
very challenging for the LHC to exclude the focus point gaugino mediation with the mild
fine tuning. However, the ILC may have a potential for excluding the focus point gaugino
mediation with such a mild fine tuning. It is also shown that vector-like matters reduce the
required masses of the squark (stop) and gluino to explain the observed Higgs boson mass
and enhance the testability of the model at the LHC. The fine-tuning is still kept mild.
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1 Introduction
Gaugino dominated supersymmetry (SUSY) breaking mediation, so-called gaugino medi-
ation, had been proposed as a solution to the flavor-changing neutral current (FCNC)
problem [1–3], long time ago. In the gaugino mediation model, masses of squarks and
sleptons are assumed to be suppressed compared to the gaugino masses at the high energy
scale. The scalar masses at the weak scale are generated from gaugino loop contributions.
Since the gaugino contributions to masses of squarks and sleptons are always flavor inde-
pendent, SUSY contributions to FCNC processes such as K meson mixing and µ→ eγ are
suppressed.1 These flavor changing processes are serious obstacles to the low-energy SUSY.
If the SUSY is a solution to the hierarchy problem, focus point scenarios [8–18] (for an
early attempt, see also [19]) are now attractive. This is because the relatively heavy Higgs
boson of around 125 GeV suggests that SUSY particles are heavier than a few TeV [20–
24], along with the non-observations of the SUSY particles at the LHC. In the focus point
scenarios, the EWSB can be explained naturally even if the SUSY particles are much
heavier than the EWSB scale. It had been known in the general framework of gravity
mediation that gaugino contributions to the Higgs potential have a focus point behavior
at the electroweak scale if gaugino masses are non universal at the GUT scale [10–16].
Motivated by those considerations above, we proposed, recently, a gaugino dominated
SUSY breaking scenario with non-universal gaugino masses called as “Focus Point Gaugino
Mediation” [25, 26].2 We showed that we can obtain the correct electroweak symmetry
breaking with a much mild fine tuning even though soft masses of SUSY particles are in
a region of a several TeV, thanks to the presence of a focus point. We also show that this
1For theses SUSY contributions, see refs. [4] (K meson mixing) and [5–7] (µ→ eγ).
2See also ref. [18].
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focus point gaugino mediation (FPGM) model can easily explain the observed mass of the
higgs boson,
ATLAS : 125.5± 0.2+0.6
−0.6 GeV [27], CMS : 125.7± 0.3± 0.3 GeV [28],
in accord with a mild fine-tuning ∆ ≤ 100 (see eq. (2.3) for the definition of ∆).
The purpose of this letter is to give upper bounds on SUSY particle masses in the
FPGM requiring a mild fine tuning less than 1% (∆ ≤ 100) and discuss discovery or
exclusion potential of the model at LHC and/or ILC. We also discuss the FPGM model
with extra vector-like matters. These extra vector-like matters help to increase the Higgs
boson mass for the fixed gluino mass [29]; therefore, the discovery/exclusion reach at the
LHC increases.
2 Focus point gaugino mediation
In the focus point gaugino mediation, the EWSB scale becomes relatively insensitive to
the gaugino mass parameter at the GUT scale, provided that the ratios of the wino mass
M2 to the gluino mass M3 is M3/M2 ∼ 8/3. The gaugino mass ratio is assumed to be
determined by more fundamental physics; non-universal gaugino masses with fixed ratios
arise as results of a product group unification model [25], an anomaly of a discrete R-
symmetry [26], and so on. (See refs. [30–36] for the details of the product group unification
models.) The Higgs soft SUSY breaking masses as well as the squark and sleptons masses
are generated by the gaugino loops. Therefore the EWSB scale is determined by only the
gaugino mass parameters and µ parameter. The vacuum expectation values of the up-type
Higgs and down-type Higgs and their ratio are determined by following two conditions:
m2
Zˆ
2
≃
(m2Hd +
1
2vd
∂∆V
∂vd
)− (m2Hu + 12vu ∂∆V∂vu ) tan2 β
tan2 β − 1 − µ
2, (2.1)
Bµ(tanβ + cotβ) ≃
(
m2Hu +
1
2vd
∂∆V
∂vu
+m2Hd +
1
2vu
∂∆V
∂vu
+ 2µ2
)
, (2.2)
where vu =
〈
H0u
〉
(vd =
〈
H0d
〉
) is the vacuum expectation value of the up type (down type)
Higgs and ∆V is the one-loop corrections to the Higgs potential. Here, tanβ = vu/vd. The
soft masses of the up-type and down-type Higgs are denoted bymHu andmHd , respectively.
The Higgsino mass parameter is denoted by µ. The EWSB scale should satisfies the
experimental value as mZˆ ≃ 91.2GeV [37].
In order to estimate the sensitivity of the EWSB scale with respect to the gaugino
mass parameter, we adapt the following fine-tuning measure [38, 39]:3
∆ = max(|∆a|), ∆a =
(
∂ lnmZˆ
∂ lnµ0
,
∂ lnmZˆ
∂ lnM1/2
,
∂ lnmZˆ
∂ lnB0
)
, (2.3)
3In this study, we concentrate on whether the SUSY and its breaking can be useful to solve the fine-tuning
problem of the electroweak symmetry breaking scale. For this purpose, we do not include the sensitivity
of the top Yukawa coupling. However, if one includes the top Yukawa coupling, the fine-tuning becomes
significantly worse.
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Figure 1. The contours of the squark mass (blue dashed lines) and the Higgsino mass (black solid
line). The squark mass (Higgsino mass) is shown in the unit of TeV (GeV). The red solid line and
green solid line correspond to ∆ and mh (GeV), respectively. The gray region is excluded because
of the unsuccessful electroweak symmetry breaking. The bino mass at the GUT scale is taken as
M1 =M2. Here µ < 0, tanβ = 20, mt = 173.3GeV and αS(mZ) = 0.1184.
where µ0 and B0 are the Higgsino mass parameter and the Higgs B-parameter at the GUT
scale, respectively. We assume that the ratios of the gaugino mass parameters are fixed at
the GUT scale.
M1/M2 = r1, M3/M2 = r3, M2 =M1/2, (2.4)
where M1 is the bino mass at the GUT scale. Since the focus point behavior is insensitive
to M1, we take r1 = 1 in our numerical calculations.
In the universal gaugino mass case r1 = r3 = 1, the Higgs boson mass ofmh = 125GeV
is explained with ∆ ≃ 1300; the required tuning is more than 0.1 % level. However, in
the non-universal case, the required fine-tuning is reduced significantly. In figure 1, the
contours of the Higgs boson mass (green) and ∆ (red) are shown. The Higgs boson mass is
calculated using FeynHiggs 2.10.0 [40–44], which includes higher order corrections beyond
2-loop level [44]. We use SuSpect [45] to evaluate a SUSY mass spectrum and 2-loop
renormalization group evolutions. In the focus point gaugino mediation, mh ≃ 125GeV is
explained with ∆ ∼ 50, when the gaugino mass ratios are set to be r3 ∼ 3/8, r1 = 1. Here,
we take µ < 0, since it can be consistent with B0 = 0 for tanβ = O(10). Notice that the
gaugino mediation model with B0 = 0 is completely free from the SUSY CP problem.
3 LHC and ILC
The focus point gaugino mediation may be difficult to be excluded at the LHC, since
the squarks and gluino are too heavy even when the mild fine-tuning ∆ = 50 − 100 is
imposed. The squark (blue dashed lines) and gluino masses are shown in figure 1 (left
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panel). The upper bounds on the gluino and squark masses are mg˜ . 4.0 (5.5)TeV and
mq˜ . 3.5 (4.7)TeV for ∆ < 50 (100), respectively. Here, mq˜ is the mass of the lightest
1st/2nd generation squark.
At the 14TeV LHC, the squark and gluino masses up to 3.2TeV and 3.5TeV can be
covered using 3000 fb−1 data [47]. However, the upper bounds on the gluino and squark
masses with ∆ = 50− 100 are beyond the reach of the LHC. Therefore the FPGM model
with the mild fine-tuning is hard to be excluded. Moreover, the Higgs boson mass of
125GeV is explained with mg˜ ≃ 3.7TeV and mq˜ ≃ 3.2TeV. As a result, it is challenging
to discover the SUSY particles in the minimal supersymmetry standard model (MSSM).
On the other hand, the Higgsino lighter than 690GeV may be excluded at the ILC,
by measuring the cross section σ(e−e+ → µ−µ+) very precisely. As shown in figure 1, the
Higgsino mass is bounded from above as µ < 450 (650)GeV for ∆ < 50 (100). With this
mass of the Higgsino, the gauge couplings change at O(0.1%) level as
g22(q
2)WH
g22(q
2)
=
[
1 +
g22(q
2)
4pi2
∫ 1
0
dxx(1− x) ln
(
µ2
µ2 − x(1− x)q2
)]−1
, (3.1)
where g2(q
2)WH (g2(q
2)) is the gauge coupling with (without) the Higgsino loop correction
(see appendix A). Taking
√
q2 = 500GeV (1000GeV), the Higgsino with the mass of
µ ≃ 340GeV (690GeV) changes the coupling by 0.1%. Similarly, we have
g21(q
2)WH
g21(q
2)
=
[
1 +
3
5
g21(q
2)
4pi2
∫ 1
0
dxx(1− x) ln
(
µ2
µ2 − x(1− x)q2
)]−1
, (3.2)
where g1(q
2) is the GUT normalized U(1)Y gauge coupling. This gives 0.03% change in
the U(1)Y gauge coupling at the weak scale. Therefore, if the ILC with
√
s = 1 TeV can
measure σ(e−e+ → µ−µ+) at 0.1% level using polarized beams, the Higgsino mass up to
690GeV can be excluded, even if the Higgsino is not produced directly at the ILC.
Finally let us comment on the case where vector-like matters are added to the MSSM.
The presence of the additional vector-like matters is motivated by, for instance, the exis-
tence of the non-anomalous discrete R-symmetry [46]. With the vector-like matters, the
gluino and squarks become light compared to those in MSSM. In this case, the squarks
and gluino can be discovered at the LHC.
We introduce N5 pairs of the vector-like matters which are 5 and 5¯ representation
of the SU(5) GUT gauge group. The Yukawa couplings between vector-like matters and
MSSM matters are assumed to be suppressed. Due to the presence of the vector-like
matters, the renormalization group equations (RGEs), especially for gauge couplings and
gaugino masses, change (see appendix B). These changes lead to the significant changes in
the SUSY mass spectrum, and the squark (stop) and gluino mass are reduced for a given
Higgs boson mass [29]. The fine-tuning measure is defined with inclusion of the mass of
the vector-like multiplets M5.
∆ = max(|∆a|), ∆a =
(
∂ lnmZˆ
∂ lnµ0
,
∂ lnmZˆ
∂ lnM1/2
,
∂ lnmZˆ
∂ lnB0
,
∂ lnmZˆ
∂ lnM5
)
. (3.3)
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Figure 2. The contours of the squark mass (blue) and the Higgs boson mass with vector-like
matter(s). The number and mass of the vector-like multiplets are taken as N5 = 1 and M5 =
103GeV (N5 = 3 and M5 = 10
7GeV) in the left (right) panel.
Note that the sensitivity of mZˆ with respect to M5 is rather weak as ∆ . 10 in the
parameter space of interest.
In figure 2, the contours of the squark mass, ∆ and mh are shown with N5 pairs of
vector-like matters included. To accommodate effects from the vector-like matters, we have
modified Suspect: we use the 2-loop RGEs with the N5 pairs of the vector-like multiplets
added to the MSSM matter contents, above the mass scale M5. The gauge couplings and
Yukawa couplings, as well as the soft SUSY breaking parameters are matched at the scale
M5. Then, we use the 2-loop RGEs of MSSM belowM5. In both cases (N5 = 1,M5 = 1TeV
andN5 = 3,M5 = 10
7GeV),mh = 125GeV is explained with a mild fine-tuning ∆ < 50. In
the first case (N5 = 1,M5 = 1TeV), mg˜ ≃ mq˜ ≃ 2.6TeV is consistent with mh ≃ 125GeV
(see left panel). With three pairs of the vector-like matters of M5 = 10
7GeV, the observed
Higgs boson mass is consistent with mg˜ ≃ 2.2TeV (see right panels). Since the gluino mass
mg˜ ≃ 2.2− 2.6TeV is within the reach of the LHC, a discovery of the gluino may suggest
the presence of the vector-like matters.4 Moreover, the lightest stop can be light as 800-
1000GeV for N5 = 3 and M5 = 10
7GeV. In this case, the stop can be produced directly
at the 14TeV LHC. We show mass spectra of reference points with/without extra-matters
in table 1.
4 Conclusion and discussion
We have shown that the upper bounds on the gluino and squark masses are mg˜ < 5.5TeV
and mq˜ < 4.7TeV (mg˜ < 4.0TeV and mq˜ < 3.5TeV) in the focus point gaugino mediation
model with a mild fine-tuning, ∆ < 100 (50). These upper bounds show that it is difficult
to exclude the FPGM model satisfying a mild fine-tuning at the LHC with
√
s = 14TeV.
4In the case that the masses of the vector-like matters are small as M5 ∼ 1TeV, the vector-like matters
may be discovered/excluded before the discovery of the gluino, depending on how they decay.
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M2(GUT) 4720GeV
r1 1.0
r3 3/8
tanβ 20
µ -333GeV
mgluino 3.8TeV
mt˜1,2 2.2, 3.9TeV
mq˜ 3.2TeV
me˜L(mµ˜L) 3.1TeV
me˜R(mµ˜R) 1.7TeV
mτ˜1 1.6TeV
mχ0
1
, mχ0
2
341, 344GeV
mχ0
3
, mχ0
4
2.1, 3.8TeV
mχ±
1
343GeV
∆ 63
M2(GUT) 4100GeV
r1 1.0
r3 1/3
tanβ 20
µ -202GeV
mgluino 2.4TeV
mt˜1,2 1.3, 3.0TeV
mq˜ 2.3TeV
me˜L(mµ˜L) 2.6TeV
me˜R(mµ˜R) 1.4TeV
mτ˜1 1.3TeV
mχ0
1
, mχ0
2
206, 210GeV
mχ0
3
, mχ0
4
1.4, 2.6TeV
mχ±
1
208GeV
∆ 61
Table 1. The mass spectrum and ∆ for two different models. In the right table, one pair of the
vector-like matters exists at 1TeV.
On the other hand, the ILC may have a potential to exclude the FPGM model. A
squared of a running gauge coupling changes by O(0.1%) level with radiative corrections
from the Higgsinos. This change of the gauge couplings reflects a deviation in a cross
section σ(e+e− → µ+µ−) from the standard model prediction. If the ILC can measure
this cross section precisely as 0.1% level, the Higgsino with the mass less than 650GeV
corresponding to ∆ < 100 can be excluded.
We have also shown that if the vector-like matters exist at the TeV or at an intermediate
scale, the gluino and squark become light as mg˜ ∼ 2.5TeV and mq˜ ∼ 2.5TeV, and they
can be in the region accessible to the LHC. We find that the fine-tuning is still kept mild
even with the presence of those extra-matters.
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A Running gauge coupling
The existence of the chiral fermion, the running gauge coupling is given by
αeff(q
2) =
α
1− Πˆ2(q2)
, (A.1)
Πˆ2(q
2) = −3b α
2pi
∫ 1
0
dxx(1− x) ln
(
m2
m2 − x(1− x)q2
)
.
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where b = (2/3)T (R) and T (R) is the Dynkin index of the representation R. The mass
of the fermion is denoted by m. As for the Higgsinos, one-loop corrections give b = 2/5
and 2/3 for the GUT normalized U(1)Y couplings and SU(2)L, respectively. In the short
distance limit −q2 ≫ m2, we have
αeff(q
2) =
α
1− b α
4pi
ln
−q2
Cm2
, (A.2)
with C = exp(5/3).
The ratio of the gauge coupling constants are given by
αSM+NP(q
2)
αSM(q2)
≃
[
1− αSM(q
2)
α
ΠNP(q
2)
]−1
. (A.3)
B The renormalization group equations with vector-like matters
In this appendix, we give two-loop renormalization group equations in DR scheme with
vector-like multiplets. Here, we define the renormalization scale as t = lnQ. The vector-
like matters are introduced as 5 = (L¯′, D′) and 5¯ = (L′, D¯′) representations in SU(5)GUT
gauge group. At the one-loop level, the renormalization group equations (RGEs) of a model
with N5 pairs of the vector-like multiplets change from those in the MSSM:
dga
dt
=
ba +N5
16pi2
g3i , (b1, b2, b3) = (33/5, 1,−3), (B.1)
dMa
dt
=
ba +N5
8pi2
g2iMi, (B.2)
dm2i
dt
=
(
dm2i
dt
)
MSSM
+
g21
8pi2
(3/5)QiN5(m
2
L¯′ −m2L′ −m2D′ +m2D¯′), (B.3)
where Qi is a hyper-charge of the chiral matter multiplet. We denote the gauge coupling,
gaugino mass and the scalar mass squared as ga, Ma and m
2
i . In gaugino mediation,
(m2
L¯′
−m2L′ −m2D′ +m2D¯′) ≃ 0.
Following [48], the RGEs of the gauge couplings at the two-loop level are given by
dga
dt
=
Bab2
(16pi2)2
g3ag
2
b , (B.4)
where
Bab2 =


199
25
+
7
15
N5
27
5
+
9
5
N5
88
5
+
32
15
N5
9
5
+
3
5
N5 25 + 7N5 24
11
5
+
4
15
N5 9 14 +
34
3
N5


. (B.5)
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With this Bab2 , the RGEs of the gaugino masses are written as
dMa
dt
=
2g2a
(16pi2)2
Bab2 g
2
b (Ma +Mb). (B.6)
The new part of the RGE of the top Yukawa coupling through the change of anomalous
dimensions is given by
dYt
dt
=
Yt
(16pi2)2
(
13
15
N5g
4
1 + 3N5g
4
2 +
16
3
N5g
4
3
)
, (B.7)
and that of the corresponding scalar trilinear coupling is
dAt
dt
=
(−4)
(16pi2)2
(
13
15
N5g
4
1M1 + 3N5g
4
2M2 +
16
3
N5g
4
3M3
)
. (B.8)
The scalar masses receive negative corrections from the vector-like multiplets. The
two-loop renormalization group equations for the scalar masses change as [48]
dm2L
dt
=
1
(16pi2)2
[
3g22δσ2 +
3
5
g21δσ1 −
6
5
g21δS
′ +
18
5
N5g
4
1M
2
1 + 18N5g
4
2M
2
2
]
,
dm2
E¯
dt
=
1
(16pi2)2
[
12
5
g21δσ1 +
12
5
g21δS
′ +
72
5
N5g
4
1M
2
1
]
,
dm2Q
dt
=
1
(16pi2)2
[
16
3
g23δσ3 + 3g
2
2δσ2 +
1
15
g21δσ1 +
2
5
g21δS
′
+
2
5
N5g
4
1M
2
1 + 18N5g
4
2M
2
2 + 32N5g
4
3M
2
3
]
,
dm2
U¯
dt
=
1
(16pi2)2
[
16
3
g23δσ3 +
16
15
g21δσ1 −
8
5
g21δS
′ +
32
5
N5g
4
1M
2
1 + 32N5g
4
3M
2
3
]
,
dm2
D¯
dt
=
1
(16pi2)2
[
16
3
g23δσ3 +
4
15
g21δσ1 +
4
5
g21δS
′ +
8
5
N5g
4
1M
2
1 + 32N5g
4
3M
2
3
]
,
dm2Hu
dt
=
1
(16pi2)2
[
3g22δσ2 +
3
5
g21δσ1 +
6
5
g21δS
′ +
18
5
N5g
4
1M
2
1 + 18N5g
4
2M
2
2
]
,
dm2Hd
dt
=
1
(16pi2)2
[
3g22δσ2 +
3
5
g21δσ1 −
6
5
g21δS
′ +
18
5
N5g
4
1M
2
1 + 18N5g
4
2M
2
2
]
,
(B.9)
where
δσ3 = g
2
3N5(m
2
D¯′ +m
2
D′), δσ2 = g
2
2N5(m
2
L′ +m
2
L¯′),
δσ1 = (1/5)g
2
1N5(3m
2
L′ + 3m
2
L¯′ + 2m
2
D¯′ + 2m
2
D′),
δS′ = N5
[(
3
2
g22 +
3
10
g21
)
(m2L¯′ −m2L′) +
(
8
3
g23 +
2
15
g21
)
(m2D¯′ −m2D′)
]
. (B.10)
Here, we have given only terms which arise from N5 pairs of the vector-like matter multi-
plets. In gaugino mediation, δS′ ≃ 0.
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The Higgsino mass parameter also receives corrections:
dµ
dt
= µ
(
−1
2
)(
d lnZHu
dt
+
d lnZHd
dt
)
,
=
µ
(16pi2)2
(
3
2
N5g
4
2 +
1
15
N5g
4
1
)
. (B.11)
Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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